Electron
Microscope Observation on the DESCEMET's Membrane Formation of the Developing Chick Embryo. (Received February 11, 1963.) It is well known that DESCEMET's membrane is a specially differentiated basement membrane of the corneal endothelium, whose mesenchymal origin was pointed out by KNAPSE (1909) , LADIJENSKI (1915) , HAGEDOORN (1928) , RE DSLOB (1935) and WATZKA (1935) . Recently O'RAHILLY and MEYER (1960) have thoroughly observed the periodic acid-SCHIFF reaction of the developing chick cornea and described it in such a manner that this membrane was recognized as PAS positive on 4-5 days of incubation.
On the other hand, JAKUS (1956) by electron microscopy has reported the fine structure of the DESCEMET's membrane of the rat cornea: In the transverse section of the membrane dark bands appeared which seemed to be made up of granules ori -ented roughly perpendicularly to the plane of the membrane. The dark bands were separated by wider light bands which were traversed by fine filaments apparently forming connections between the granules of dark bands. Recently KAYE and PAPPAS (1962) observed that in ultrathin sections of the rabbit cornea fine, dense fibrils of the DESCEMET's membrane are closely packed in a matrix of approxima -tely the same density, while KAYE (1962) pointed that in the DESCEMETs' mem -brane of the frog cornea, the fibrillar make-up is more apparent than in the rabbit cornea.
But the details of the DESCEMET's membrane formation are not completely clear in submicroscopical and histochemical meaning. In our investigation, special attention was directed to the following problems:
1. the first appearance of the DESCEMET's membrane in the primitive state, 2. the maturation of the membrane during the embryonal development and 3. the changes of the alkaline phosphatase activity of the corneal endothelium accompanied with the membrane formation.
I. Materials and Method.
The cornea was obtained from the chick embryos of the 4th to 21st day of in -cubation. Small pieces of the cornea were fixed in the CAULFIELD's mixture for Epon 812 and 'stained' with uranyl acetate or lead hydroxide by MILLONIG's (1961) or KARNOVSKY's technique (1961) .
For the electron microscopic demonstration of the alkaline phosphatase activity, preparations had been made by the method of MOLBERT et al. (1960) . In our own experiments, however, the concentration of sucrose in the fixative was decreased to 0.015g/ml and the pH of the incubating mixture adjusted to 8.2. The electron micrographs were taken with a HITACHI HS 6 electron microscope at original ma gnification of 6,000. For the light microscopy, paraffin sections of the cornea fixed in HELLY's fluid were stained by AZAN method and the materials fixed in CARNOY's fluid used for the periodic acid-SCHIFF reaction. Metachromasia was studied by staining with buffered toluidine blue at pH 2.5, 4.1 and 7.0. Sections stained with tolui -dine blue were mounted in distilled water and/or in xylol balsam through the me thylbenzoate.In addition, GOMORI's cobalt-calcium method for the non-specific alkaline phosphatase was applied to the acetone fixed materials.
II. Results.
The electron micrograph of 4th day chick cornea (Fig. 1) shows that the endo -thelium cells contain a relatively large number of vacuoles, oval or round shaped. By the application of the Ca-Co method of GOMORI, plasma membrane of the endothelium cells began to be slightly stained, though in the electron microscope the results of MOLBERT's reaction was still negative.
On 12th day DESCEMET's membrane shows the characteristic pattern and its tion and amorphous material of appreciable density which fills its interstices. At the junction of the DESCEMET's membrane and stroma corneae, microfibrils of the stroma overlap the basal surface of the DESCEMET's membrane. Small dense graendothelial cells and the granules of the same nature closely attached to the surface of the dilated endoplasmic reticula. GOMORI's alkaline phosphatase reaction was positively observed on the cell membrane (Fig. 4b) , and by the application of MOLexists on the lateral cell wall of two adjacent endothelial cells and basal plasma membrane of endothelium (Fig. 4c) .
It can be seen, as shown in Tab. 1, that the metachromatic staining with toluidine blue appeared on 12th day at the subendothelial thin layer including the DE-SCEMET's membrane and thereafter metachromasia was observed in a relatively narrow zone of the subendothelial stroma. was not altered in comparison with that of the previous stage. GOMORI's alkaline phosphatase reaction of the endothelium cells appeared to be most intense on 15th day of incubation (Fig. 5b) . Lead phosphate precipitate by MOLBERT's reaction was observed on the basal and lateral cell membrane of the endothelium as on 12th
day. In addition, the deposite of the same nature has been observed on the endo- (Fig. 5c ). Fig. 6 (Fig. 7a) . By MOLBERT's reaction, the precipitation granules were much finer than that observed on previous stage (Fig. 7b) ; and GOMORI's reaction became much weaker in accordance with the completion of the membrane formation, Fig. 4c Discussion.
In our preparations, the DESCEMET's membrane was investigated at its first appearance on 9th day of incubation by PAS reaction. However, KNAPSE (1909) stated that the basement membrane of the corneal endothelium of the chick embryo differentiated from the directional membrane on 7th day of incubation. On the other hand, REDSLOB (1935) reported that the subendothelial condensation of argyrophil fibrilles appeared on 5th day, and it might be the first appearance of this membrane. O'RAHILLY and MEYER (1960) observed that the membrane was evidently PAS positive in a specimen at 4-5 days of incubation. Under the electron microscope, the author found that the subendothelial aggregation of the nodular elements started on 7th day, and its arrangement in linear fashion had on 9th day rapidely proceeded in accordance with the progress of the protein synthesis in the endothelial cells, which was presumed in view of the abundantly appearing ribosomes and the accumulation of substances in endoplasmic reticula in this stage. Substances in the endoplasmic cisternae in question might be precursors of a component of the DESCEMET's membrane, but substances were PAS negative as far as they were intracellularly accumulated. We concluded this from the fact that no vacuoles or granules which gave a positive PAS reaction were seen in the corneal endothelium during the membrane formation, while the intensity of the PAS reaction of the membrane had been increased with the age of embryos.
Metachromatic staining with toluidine blue appeared in the subendothelial stroma (including the DESCEMET's membrane) of the non-sulfated sections from 12th day on and it was exclusively observed at pH 4.3 and 7.0. On the other hand, the sections treated by sulfation technique showed the metachromasia in the stroma from the earlier stage of the development (4th day) and at every pH checked here. On the basis of these observations it is assumed that the mucopolysaccharide-protein complex which appeared in the subendothelial stroma of the early stages is for the most part non-sulfated and/or the amout of sulfuric ester of mucopolysaccharide is not sufficient to be demonstrable without the application of sulfation technique, though it does exist. The appearance of sulfated mucopolysaccharide in the subendothelial stroma seems to be coincident with the maturation of the DESCEMET's membrane, which shows the nodular arrangement of fine filament in the less electron dense matrix. It is expected sufficiently that the synthesis of mucopolysaccharide containing matrix of the DESCEMET's membrane is in close relation with the enzyme activity, especially with phosphatases of the corneal endothelium. In fact, non specific alkaline phosphatase activity was demonstrated in the endothelial cells of 12th-21st day embryo by the Ca-Co method of GOMORI as well as by MOLBERT's reaction. On the electron micrograph, it was revealed that the enzyme activity appeared on the lateral and basal cell membrane of the endothelium on 15th day and moreover it was observed on the endoplasmic reticula on 15th day and thereafter.
IV. Summary.
DESCEMET's membrane formation was electronmicroscopically studied in the developing chick cornea, and at the same time some histochemical observations could be made. 3. On 12th day, DESCEMET's membrane shows the finely stippled appearance, which consists of dense granules and amorphous material which fills its interstieces. Endoplasmic reticula in the endothelium cells dilate to the form of cisternae. Metachromasia appears from this stage on at the subendothelial thin layer of the stroma in the non-sulfated preparations. 4. Non-specific alkaline phosphatase activity is demonstrated on the cell membrane of the endothelium by GOMORI's and MOLBERT's method from 12th day on. Under the electron microscope, lead phosphate precipitate is observed on the lateral and basal cell membrane as well as on the endoplasmic reticula of the endothelium cells. The activity of the alkaline phosphatase is most intense on 15th day during the DESCEMET's membrane formation.
5. On the last day of the embryonal development, the thickness of the DES-
